Abstract. Childhood diarrhea is an important cause of malnutrition, which can be worsened when caretakers limit nutritional support. We queried 390 caregivers and their children in a peri-urban community in Lima, Peru regarding general perceptions of feeding and feeding practices during diarrhea. Overall, 22.1% of caregivers perceived feeding during diarrhea to be harmful. At baseline, 71.9% of caregivers would discontinue normal feeding or give less food. Most would withhold milk, eggs, and meats. Approximately 40% of caregivers would withhold vegetables and fruits. A pilot educational intervention was performed to improve feeding during diarrhea. At follow-up survey 3 months later, none of the caregivers would recommend withholding food. Only 23.2% would recommend discontinuing normal feeding and 1.8% perceived food to be damaging. Misperceptions of the role of feeding during diarrhea pose a significant health risk for children, but a simple educational intervention might have a major impact on these perceptions and practices.
INTRODUCTION
Globally,~6.6 million children 5 years of age died in 2012. 1 Diarrhea accounted for 9% of under-five deaths and undernutrition contributed to~45% of all cause mortality in young children. 1 In Peru, diarrhea was responsible for~4% of deaths among children 5 years of age in 2010. 2 The prevalence of chronic malnutrition among young children in 2012 was between 31.9% in rural and 10.5% in urban areas, and 6.3% in Lima. 3 Of importance, implementing available evidencedbased interventions for diarrhea, including oral rehydration solutions, breastfeeding, and adequate case management, on a larger scale could prevent a large percentage of deaths attributable to diarrhea among young children. 4, 5 Malnutrition and diarrhea increase child morbidity and mortality. They may also interfere with physical and cognitive development. [6] [7] [8] [9] [10] Ingestion of nutrient-rich food early in life is associated with better school performance and earning higher wages later in life. 11 In a study by Checkley and others 12 among children in a peri-urban shantytown in Lima, poor nutritional status was associated with a higher frequency of diarrheal illness. A recent study among children 5 years of age in rural Bangladesh revealed an association between malnutrition and more severe diarrheal illness. 13 In turn, intestinal infections may lead to a loss of key nutrients, damage to the intestinal mucosa, and impairment of nutrient absorption, which worsen malnutrition. Continued feeding during diarrheal episodes and continuing or increasing breastfeeding is critical for breaking the vicious cycle of diarrhea and malnutrition. Continued feeding is associated with better clinical outcomes [14] [15] [16] [17] and better recovery of the intestinal function. 18, 19 Thus, continuation of feeding during diarrheal episodes is an important component of the integrated management of childhood illness (IMCI). 20 Mothers and other caregivers play a central role in the effective management of childhood diarrhea. They are the first ones to manage the illness. Correct home treatment with oral rehydration and adequate food is crucial to prevent deterioration of the child's condition. In an earlier study from a peri-urban community in Lima, however, Brown and others 21 noted that infants' energy intake from non-breast-milk sources decreased during diarrheal illnesses. Recent studies from other resourcepoor countries showed that caregivers have limited knowledge of the importance of continued feeding during childhood diarrhea. [22] [23] [24] In a study from Lima, a 5-minute one-to-one counseling of mothers in a hospital setting, along with a recipe pamphlet was an effective intervention to improve nutrition of young children. 25 There are few data on child feeding during diarrhea in Peru, especially in urban areas. To address this gap in knowledge, we designed a study of caregivers' practices and perceptions regarding continued feeding during diarrheal episodes. A pilot educational intervention was conducted among caregivers with the aim to improve feeding of children during illness.
MATERIALS AND METHODS
Study population and setting. In December 2009, a convenience sample of 390 caregivers and their youngest child (up to 36 months of age) were enrolled by a house-by-house survey. A caregiver was defined as the person who took care of the child at the time of the study visit. The primary caregiver (see Table 1 ) was considered to be the person who took care of the child most of the time. Participants were recruited in three asentamientos humanos ("human settlements," shantytowns) in San Juan de Lurigancho, a peri-urban neighborhood north-east of downtown Lima, Peru. Socio-economic level in the asentamientos humanos is low. In the district of San Juan de Lurigancho, 63% of the population belong to the lowest socioeconomic levels D and E. 26 Asentamientos humanos are mainly populated by individuals, and their children, who have migrated from remote rural areas in Peru to the capital in search of a better life. 27 Recruitment began in José Carlos Mariategui in blocks of houses closest to one of the main roads frequented by bus. Each fieldworker started with a different block and clockwise approached each door. After finishing with one block, *Address correspondence to Birte Pantenburg, Institute of Social Medicine, Occupational Health and Public Health, University of Leipzig, Phillipp-Rosenthal-Str. 53, 04103 Leipzig, Germany. E-mail: birte.pantenburg@medizin.uni-leipzig.de the fieldworker walked to the adjacent one. This way, the neighborhood was covered as completely as possible, including areas not accessible by larger motorized vehicles. Recruitment of participants continued in a similar way in Juan Pablo II and Jesú s de Nazareth. Deliberately, a number of participants were recruited from the closest hilly outskirts of the neighborhoods. As the dwellings there are not arranged blockwise, fieldworkers approached the neighboring dwelling after finishing with the previous one. Written informed consent was obtained from all caregivers. The study was reviewed and approved by the Institutional Ethics Committee of the Universidad Peruana Cayetano Heredia.
Questionnaire. Baseline data on child feeding were collected by trained field-workers during a home visit using a structured questionnaire. The questionnaire addressed sociodemographics, previous diarrheal episodes, breastfeeding, feeding in the absence and presence of diarrhea, caregivers' perceptions of the effect of food during diarrhea, and the source of advice regarding child feeding during diarrhea. Food items were chosen by the authors based on typically available local food in an attempt to comprehensively cover the food items most likely to be fed children in this setting. To assess whether a child had experienced diarrhea at baseline and/or at follow-up, caregivers were asked whether the child had "3 or more loose stools per day" (original question: 3 o más caquitas sueltas al día) during the previous 7 days, including the day of the study visit, and for how many days. If the child had experienced diarrhea during the previous 7 days but not on the day of the study visit the diarrheal episode was considered "completed." If the child still experienced diarrhea on the day of the study visit it was considered "ongoing."
Regular feeding of specific food items in the absence of diarrhea was evaluated at baseline by asking how many times the child had received a certain food item during the previous week or, in case the child had experienced diarrhea, how often the food item had been given the week before.
At baseline, feeding practices during diarrheal episodes were evaluated for the child's last diarrheal episode. If the child did not experience diarrhea, caregivers were asked how they intended to feed their child. As the majority of children did not recently experience diarrhea the term "intended feeding practices" will be used throughout the manuscript. Caregivers were asked whether they intended to give specific food items, breast milk or cow's milk "not at all," "less," "more," or "at the same quantity." In addition, caregivers were asked whether they intended to give solid food "not at all," "less," "more," "the same food as usually" or a "special diet." "Special diet" was not specified but comprised any quantity or quality of food that differed from the regular one given in the absence of diarrhea.
At follow-up, caregivers were asked about feeding of specific food items during diarrhea the same way as at baseline. To assess feeding of cow's milk and solid food during diarrhea, caregivers were asked about the feeding recommendations they would give a neighbor or family member regarding a child 6 months with diarrhea, who is still breastfed, but also receives cow's milk and solid food. To assess feeding of breast milk during diarrhea caregivers were asked about their recommendations regarding an exclusively breastfed child 6 months and a child 6 months who is still breastfed, but also receives cow's milk and solid food. Answer options were the same as at baseline. The use of oral rehydration solutions was reported previously. 28 Pilot intervention and follow-up. To investigate the feasibility of improving caregivers' practices, a pilot educational intervention was performed. The educational intervention was designed by the authors, based on the IMCI guidelines for child feeding during diarrhea. 20 After the interview the trained field-worker conducted a 10-minute one-to-one educational intervention with the caregiver, consisting of an in-depth explanation of a leaflet on age-appropriate feeding and breastfeeding in the absence and presence of diarrhea for children 6 months who are exclusively breastfed, and for children 6 months (or those who already receive solid food). The leaflet also included advice in case the child vomited after feeding, information on oral rehydration, and a list of signs of dehydration that should prompt immediate medical attention. The leaflet included pictures and text. Questions were addressed by the fieldworker during the visit, and the leaflet was left with the caregiver. The educational intervention was supervised by one of the authors (BP) ensuring that the intervention was standardized. At follow-up 3 months later 83.6% (N = 326) of the original participants were available. Using a similar questionnaire, regular feeding practices and diarrheal episodes were briefly analyzed, and caregivers' practices, recommendations, and perceptions regarding child feeding during diarrhea reassessed.
Data analysis. Baseline data (characteristics of the study population and reported feeding practices in the absence of diarrhea) were analyzed for all 390 caregivers. Analysis of caregivers' perceptions and intended feeding practices during diarrhea were limited to data from caregivers who could be reached twice (N = 326). Comparison of means was performed by the student t test. Comparison of proportions was done by the χ 2 test or, if cell number was 5, by the Fisher's exact test. Where appropriate, analysis was stratified according to the age of the child. Statistical analysis was conducted with Stata 10.0 for Macintosh (StataCorp LP, College Station, TX).
RESULTS
Characteristics of the study population. The baseline study population's characteristics are detailed in Table 1 . In 85.6% of cases, the mother was the person who was interviewed. At baseline, fewer children had experienced diarrhea during the previous week compared with the time of follow-up (P = 0.011, see Table 1 ). Mean duration of diarrheal episodes completed by the day of the study visit at baseline was 3.5 ± 2.1 days (N = 61), and similar at follow-up (3.1 ± 2.5 days, N = 78, data not shown in table). When asked for the source of advice that caregivers usually sought regarding management of diarrhea, 49.1% mentioned a family member, a friend, or neighbor; 36.8% a physician; 9.3% no one; and 2% a health worker or nurse, pharmacist, or other, respectively (data not shown in table).
Caregivers' reported feeding practices at baseline in the absence of diarrhea. Of all children 6 months (N = 60), 56.7% were exclusively breastfed. Of children 6 months (N = 330), 62.4% were still breastfed. Further information on breastfeeding and introduction of other food items are detailed in Table 1 . Solid food had been introduced to 11.7% (N = 7) of children before the age of 6 months, whereas all children 6 months received solid food. The regular diet (in the absence of diarrhea) of all 337 children introduced to solid food is detailed in Table 2 . It consisted mainly of rice, potatoes, bread, vegetables, soups, and fruits.
For children 6 to 12 months (N = 91) "mazamorra," a starch-flour based local pudding prepared with water, fruit juice, and some pieces of fruit, was also an important food item (median times/week 7, interquartile range [IQR] 4-7, data not shown in table). The most important sources of protein for children 6 to 12 months were chicken liver, chicken meat, and eggs (median times/week 3 for all three food-items, IQR 2-6, 0-6, and 1-4, respectively). For children 12 months (N = 239) the main sources of protein were chicken meat (median times/week 6, IQR 4-8), milk products, eggs, and legumes (median times/week 4 for all three food-items, IQR 2-7, 2-7, and 2-4, respectively, data not shown in table) .
Intended feeding of solid food during diarrheal episodes at baseline. When caregivers of children already eating solid food were asked how they intended to feed their child during diarrhea, 46.6% of caregivers would give a "special diet," 25.3% would feed "less," and 2.1% would give "no" food (see Table 3 ). Answers did not differ significantly between caregivers whose children did or did not experience diarrhea during the previous 7 days (data not shown).
Feeding of specific food items during diarrhea is detailed in Table 4 . At baseline, only "mazamorra" (49.1%), soups (46.3%), potatoes (40.2%), and rice (37.4%) would be given by the majority of caregivers in the "same amount" as in the absence of diarrhea. Legumes (83.3%) and beef/pork (80.4%) were most often eliminated from a child's diet as well as milk products (72.6%) and eggs (70.8%). Few caregivers FEEDING OF YOUNG CHILDREN DURING DIARRHEA would give "more" of certain food items during diarrhea, predominantly soups (13.2%).
Use of breast milk and cow's milk during diarrhea at baseline. The use of breast milk and cow's milk during diarrhea is detailed in Table 5 . At baseline, 11.8% of caregivers of children 6 months and 11.7% of caregivers of children 6 months would give "less" breast milk. Two percent of caregivers of children 6 months and 4.5% of caregivers of children 6 months would give "no" breast milk. Among caregivers of children 6 months introduced to milk other than breast milk 9.4% would give "less" and 79.6% would give "no" cow's milk.
Caregivers' perceptions of the effect of food during diarrhea at baseline. Caregivers' perceptions of the effect of breast milk, cow's milk, and food on a child with diarrhea are detailed in Table 6 . Overall, 4.6% of caregivers perceived breast milk to harm the child, 21.5% of caregivers perceived it to be neither harmful nor helpful to the child. Sixty-one percent perceived ingesting cow's milk during diarrheal episodes to be harmful.
While 22.1% of caregivers perceived solid food to be harmful, 12.3% of caregivers perceived food to neither harm nor help the child to get well. The main reasons why caregivers perceived food to be harmful at baseline were that it "increases diarrhea or vomiting" (30.1%), that "food is too heavy for the weak stomach" (29%), and that food contributes to "worsening the child's condition" (25.8%) (data not shown in table).
Intended and recommended feeding practices during diarrhea after the pilot intervention. Caregivers' intended and recommended feeding practices at follow-up were significantly different from those at baseline (see Tables 3-5) . A lower percentage of caregivers recommended giving a "special diet" or "less" food than caregivers intended to feed at baseline (20.9% versus 46.6%; and 2.3% versus 25.3%, respectively) (see Table 3 ). A higher percentage of caregivers recommended giving "the same" or "more" food than caregivers intended to feed at baseline (42.1% versus 18.2%; and 34.7% versus 6.4%, respectively). Answers did not differ significantly between caregivers whose children did or did not experience diarrhea during the previous 7 days (data not shown).
Changes in feeding of specific food items are shown in Table 4 . For all food items caregivers' answers at follow-up differed significantly from those at baseline. At follow-up, a higher percentage of caregivers intended to feed food items at "the same amount." For all food items a lower percentage of caregivers intended to eliminate food items or to give "less" with the exception of legumes, for which a higher percentage of caregivers intended to give "less" at follow-up. For all food items the percentage of caregivers intending to give "more" had increased.
Caregivers' recommendations for breast milk and cow's milk at follow-up are detailed in Table 5 . Among caregivers of breastfed children 6 months of age, use of breast milk differed significantly from the time of enrollment. A lower percentage recommended giving "less" or "no" breast milk as compared with baseline (2.2% versus 11.7% and 0.6% versus 4.5%, respectively). Similarly, recommended practices regarding cow's milk differed significantly from baseline among caregivers of children already introduced Table 4 Intended feeding practices during diarrhea at baseline and at follow-up (caregivers of children introduced to solid food) *Difference between groups at baseline and at follow-up statistically significant (P 0.05), percentages may not add up to 100% as "do not know" answers are not shown. to milk other than breast milk. A lower percentage of caregivers recommended elimination of cow's milk (14.7% versus 79.6%), whereas a higher percentage of caregivers recommended giving "the same amount" or "less" as compared with baseline (47.8% versus 8.5% and 26.9% versus 9.4%, respectively).
Change in caregivers' perceptions of the effect of food during diarrheal episodes. Caregivers' perceptions of the effect of breast milk, cow's milk, and solid food during diarrheal episodes differed significantly between baseline and follow-up (see Table 6 ). A lower percentage of caregivers perceived breast milk to be harmful compared with baseline (1.2% versus 4.6%), whereas a higher percentage of caregivers perceived breast milk to help the child get well (82.5% versus 67.8%). Results were similar for cow's milk.
A higher percentage of caregivers perceived solid food to help the child to get well compared with baseline, whereas a lower percentage of caregivers perceived solid food to be harmful (79.5% versus 59.8%; and 1.8% versus 22.1%).
DISCUSSION
During childhood diarrheal episodes continued feeding with nutritious food is key to prevention of malnutrition. By contrast, this study documented that at baseline approximately three-quarters of the caregivers intended to either discontinue normal feeding, to give less, or to provide no food at all. The majority of caregivers intended to eliminate most protein-rich animal products from the diet. Over 40% of caregivers intended to withhold vegetables and fruits. Caregivers intended to give only soups and mazamorra at the same amount as usually. Both have high water content.
Chronic malnutrition may develop in the context of diarrhea, especially if the child does not receive nutrient-rich food during a diarrheal episode but only after diarrhea is over, and the time between two episodes is too short for the child to recuperate. A survey by the Peruvian National Institute of Statistics and Informatics revealed that in 2012 11.6% of children in the Lima region experienced diarrhea in the 2 weeks before the survey, 3 which is somewhat lower than the results obtained in this study. Of note, in the present study significantly more children had experienced diarrhea during the 7 days before follow-up than at enrollment. This is likely the result of a seasonal effect (a peak of diarrheal illnesses occurs in the warmer months of January to May). 12 Several studies have investigated child feeding during diarrhea in the Peruvian highlands [29] [30] [31] : Bentley and others 29 noted that mothers did not withhold food during diarrhea. Instead, mothers were more likely to encourage their children to eat, especially liquid and semi-solid food. 29 Similarly, in the present study, caregivers often continued to feed mazamorra and soups. Although feeding liquid and semi-liquid food is better than feeding no food, feeding solid food is better than feeding liquid and semi-liquid food. Therefore, caregivers should encourage their children to eat solid food during illness.
Huffman and others 31 found that although mothers reported to have altered their child's diet during the last diarrheal episode, the types of food given to children with or without diarrhea did not differ. As food quantities were not measured in that study, no conclusion could be drawn on whether changes occurred in the amounts of food consumed. 31 As the present study did not compare food items actually given to sick and healthy children, we cannot comment on whether caregivers' intended feeding practices differed from actual feeding practices.
More than a third of caregivers perceived food as potentially harmful or neither harmful nor helpful to the child's recovery. It would be understandable if caregivers were reluctant to feed their sick child the usual diet if they perceived food to have no effect at best or to be harmful. Caregivers' main Table 6 Caregivers' perceptions at baseline and at follow-up (N = 326)
Breast milk
Cow's milk Solid food
At baseline* At follow-up At baseline* At follow-up At baseline* At follow-up *Difference between groups at baseline and at follow-up statistically significant (P 0.05). *Milk other than breast milk. †Difference between groups at baseline and at follow-up statistically significant (P 0.05).
fear associated with giving food was that it could worsen the illness. The fact that eating during diarrhea may indeed increase stool output as compared with fasting underlines the importance of educating caregivers about the benefits of giving (solid) food even if symptoms may seem to worsen. In the setting of this study, however, an association between caregivers' perceptions and feeding practices remains speculative. Nearly 14% of caregivers of breastfed children 6 months and~16% of caregivers of breastfed children 6 months intended to stop or decrease breastfeeding during diarrhea at baseline. Breast milk is the optimal food for children 6 months of age and an important "oral rehydration solution." It is non-contaminated, contributes to preventing dehydration, 32 and may decrease stool frequency. 33 Caregivers who are still breastfeeding should be strongly encouraged to continue or increase breastfeeding during illness. As the percentage of children exclusively breastfed during the first 6 months of life is lower in urban than in rural areas of Peru, 2 promotion of breastfeeding in the presence and absence of diarrhea may be of special importance in urban areas of the country.
Similarly, the majority of caregivers intended elimination of cow's milk during diarrhea at baseline. A meta-analysis concludes that the vast majority of young children with acute diarrhea can be successfully managed with continued feeding of lactose-containing formulas. 34 Temporary lactosefree diets may benefit children with severe dehydration or malnutrition, 34 and children with severe rotavirus infection. [35] [36] [37] However, in low-income countries, lactose-free milk is expensive and difficult to obtain. Cow's milk is an important source of protein and calcium. Thus, it may be detrimental for the child's health if their caregiver routinely withholds milk during diarrheal episodes. Educational programs can lead to improved child nutrition, in the absence and presence of diarrhea. 38, 39 To shed light on whether an educational intervention could improve caregivers' intended practices, we piloted a brief educational intervention. The intervention was similar to those previously used in other projects, such as home visits by field-workers and distribution of educational leaflets. 40, 41 At follow-up, significantly more caregivers recommended to continue feeding as usual, and perceived that food helps the child recover. These results indicate that the educational intervention might improve feeding of children during diarrhea.
This study has several limitations. Participants were enrolled in a non-random manner and the sample may not be representative of the study site's population. As fewer individuals were recruited in the less accessible, hilly parts of the study site predominantly populated by individuals of lower socioeconomic status, poorer members of the population may be underrepresented. A non-intervention or unrelated-intervention control group was not included. At baseline, caregivers were asked to describe their feeding practices in relation to the last diarrheal episode of their child. Therefore, recall bias cannot be ruled out. Furthermore, recommended feeding practices at follow-up were compared with intended feeding practices at baseline. Although the wording of questions was modified in an effort to minimize bias caused by social desirability, social desirability cannot be ruled out in studies that rely on self-reported data. Modification of the follow-up questions may also have led to an over-or underestimation of the effect of the intervention. Follow-up data were collected by the same field-worker who did the baseline interview and administered the educational intervention, which may also be a source of bias. As follow-up was conducted only at 3 months, we have limited data on the sustainability of this pilot intervention. Weight and height measurements were not performed and a child's nutritional status could not be correlated to the caregiver's reported or intended feeding practices and perceptions.
However, the present intervention was intended as a pilot intervention, and it will help us develop and implement more comprehensive programs with longer term follow-up. Several studies point out that "right" knowledge does not necessarily translate into "right" practices. 42, 43 Further research on the issue of feeding during diarrhea is needed to elucidate if and why caregivers may change the diet of their children during illness. Multifaceted programs, including projects to improve knowledge on feeding during diarrhea, are required to promote adequate child feeding during diarrheal illness. These programs should target whole communities as most caregivers sought advice on child feeding from family, friends, and neighbors. Victora and others 44 stress the importance of implementing interventions equitably to ensure that all children in need can benefit from them.
Penny and others 45 conducted an effective educational intervention to improve child feeding in a peri-urban community in Trujillo, Peru. Certain approaches and elements may also be useful for the setting of the present study such as making optimal use of available and existing resources, including food and health service infrastructure. Simple, standardized, age-appropriate messages were developed by Penny and others and used by field workers and health care staff alike, which is crucial to reinforce consistent messages.
In conclusion, the present study documented that caregivers' practices and perceptions were not aligned with optimal feeding of children during diarrheal episodes. The study provides evidence that caregivers' practices and perceptions may be improved through a brief educational intervention. Multifaceted educational interventions targeting whole communities and taking into account factors other than knowledge should be studied and their effects on caregivers' feeding behaviors and on child nutrition investigated.
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